I (L, leucine; P, proline; X, any amino acid; E, glutamic acid; K, lysine; I, isoleucine; V, valine; R, arginine; S, serine; C, cysteine; W, tryptophan; F, phenylalanine; D, aspartic acid). The F box domain mediates binding to Skp1, which links the F box protein to the rest of the SCF complex. However, not all F box proteins form ubiquitin ligase complexes with Cul1 and Rbx1 (for example, Fbxw8, Fbxl10, and Fbxl11), demonstrating that binding of the F box protein to Skp1 is necessary but not sufficient for binding to Cul1. There are 69 human F box proteins, but the majority of them remain uncharacterized. In this SnapShot, we have listed reported F box protein-substrate pairs in mammals. Additionally, we have included orphan F box proteins with known biological functions but no reported substrates. F box proteins are classified into three families on the basis of their homology domains: FBXWs (WD40 repeats), FBXLs (leucine-rich repeats), or FBXOs (variable or no homology domains). Most F box proteins recognize their substrates through the WD40 repeats, the leucine-rich repeats, or other domains. Substrate recognition generally requires posttranslational modification-most often phosphorylation-of the substrate within a short amino acid degradation sequence (degron). For example, substrates of the F box protein βTrcp usually contain the consensus degron DSGXXS (D, aspartic acid; S, serine; G, glycine; X, any amino acid), where both serines are phosphorylated. The phosphorylated degron is bound in a highly selective manner by the WD40 repeat region of βTrcp. F box proteins may also bind to accessory proteins that play key roles in substrate recognition. For example, the accessory protein Cks1 is required for Skp2-mediated ubiquitination of p27. The targeting of F box proteins to short, phosphorylation-dependent degrons allows a single F box protein to recognize many different substrates in a precisely controlled manner. Even in the presence of its F box protein, a substrate is not recognized by the SCF without activation of the proper kinase. Although multiple substrates are recognized by each F box protein, the overall function of the F box protein can often be generalized. For example, Skp2 is a positive regulator of the cell cycle, Fbxw7 is a negative regulator of cell proliferation, and βTrcp functions as a prosurvival factor. Given their major roles in regulating key cellular functions, alterations of F box proteins have often been found to contribute to oncogenesis.
Although there are established roles for a small number of F box proteins in many diverse pathways, the majority of F box proteins have not yet been matched with any substrates. All reported substrates of the F box proteins listed in this SnapShot are included in the table, even if the evidence is currently limited or if there are conflicting reports. Additionally, when known, the kinases that phosphorylate the substrate degrons are also listed.
